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1
KAM “ KAM ” , 3 Kolmogorov,
Arnold, Moser . , KAM ,
( ) ( ) ,
, .
, $n$ , 1
1 , $n$ $\{X_{\nu}\}$
, $X_{\nu}$ $\nu$
. 1950 Kolmogorov [4] ,
, $X_{\nu}$ ? , , $\nu$
$X_{\nu}$
. , Arnold [1], [2]
.
, Moser [6] C $C^{n}$
. 1960 , , 60
70 ,, Arnold-Avez [3] Siegel-Moser [7]
. , KAM ,
(Maslov ) Lazutkin [5] , 90
.
, . 2 , Siegel-Moser ([7]
32\sim 33 ) . , 2
$M$ , $M$- . 3 , ,
. ,
, Siegel-Moser , , [7]




, Siegel-Moser . 2 $A$ ,
$(r, \theta)$ t) $A=\{(r, \theta):a<r<b, -\infty<\theta<\infty\}$ $(0<a<b)$ . ,
$\tau$ (r, $\theta$) $=(r, \theta+r)$ $(r, \theta)\in A$ (2.1)
$\tau:Aarrow A$ $A$ .
: $\omega\in$ $(a, b)$ , $\omega$ $S_{(d}$
, $S_{\omega}$ $\tau$- , $A$ , $\{S_{\iota v}\}$
. , $A$ .
. (2.1) $\tau$ $\mathrm{f}$
$M(r, \theta)=(r+f(r, \theta)$ , $\theta+r$ $+g(r, \theta))$ (2.2)
$M$ . , $f$ $g$ $A$ , $\theta$
$2\pi$ .
Siegel-Moser , 2 :
1 $\alpha l$ , 2 $C_{0},$ $\mu$
, $p$ $q$
$| \frac{\omega}{2\pi}p-q|\geq C_{\mathrm{o}p}^{-\mu}$ (2.3)
.
2 $M$ $A$ , $S_{\iota u}$ ($A$
) $A$ $\gamma$ ,
$M(\gamma)\cap\gamma\neq\emptyset$
.
, $M$ . , $\omega\in$ $(a, b)$
. $S_{\omega}$ $A$ (s, $\rho$)
$A(s, \rho):=$ { $(r,$ $\theta)\in \mathrm{C}^{2}$ : $|r-\omega|<s,$ $|$ Im$\theta|<\rho$} (2.4)
$(s, \rho>0)$ . $r$, $f,$ $g$ $\theta$ $2\pi$




1(Siegel-Moser) $\omega$ , $M$ ,
$A(s_{0}, \rho_{0})$ . , $\epsilon$ , $\epsilon$ (2.3) $C_{0},$ $\mu$
$s_{0}$ , $\rho_{0}$ $\delta$ ,
$A(s_{0}, \rho 0)\sup(|f|+|g|)\leq\delta$
$M$ , . (1) (3) :
(1) $M$ $S$ .
$S=\{(r, \theta)\in \mathrm{C}^{2} : r=\omega+p(\xi), \theta=\xi+q(\xi), \xi\in\overline{B}\}$ . (2.5)
, $B=\{\xi\in \mathrm{C} : |{\rm Im}\xi|<2^{-1}\rho_{0}\}$ , $p(\xi),$ $q(\xi)$ $B$ $\overline{B}$
, $2\pi$ .
(2) $S$ \searrow $\{\omega\}\mathrm{x}\overline{B}$ :
$\sup_{\overline{B}}(|p|+|q|)\leq\epsilon$ .
(3) $S$ $M$ $\{\omega\}\cross\overline{B}$ $\xi\vdash+\xi+\omega$
. , $\xi\in\overline{B}$
$M(\omega+p(\xi), \xi+q(\xi))=(\omega+p(\xi+\omega), \xi+\omega+q(\xi+\omega))$ $(2.6)$
.
. $M$ , (2.5) $M$- $S$
. , $c$ , (2.2)
$f(r, \theta)=c$ , $g(r, \theta)=0$ (2.7)
$M$ .
$M$ . , $\gamma=S_{\omega}$ M(\gamma )=S\mbox{\boldmath $\omega$}+
, $M(\gamma)\cap\gamma=\emptyset$ .
, $M$ $M$- $S$ ,
. , $M$- $S$ ( $\omega$
) . ${\rm Re} p(\xi)$ $\overline{B}$ $2\pi$
, $\overline{B}$ ${\rm Re} p(\xi_{0})$ . $\xi_{0}$
$S$ $(r_{0}, \theta_{0})=(\omega+p(\xi_{0}), \cdot\xi_{0}+q(\xi_{0}))$ , (2.6)
$M(r_{0}, \theta_{0})=(\omega+p(\xi_{0}+\omega), \xi 0+\omega+q(\xi 0+\omega))$ .
, (2.7) ,
$M(r_{0}, \theta_{0})=(\omega+c+p(\xi_{0}), \xi 0+\omega+p(\xi 0)+q(\xi 0)$ ).
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2 $r$- , $p(\xi_{0}+\omega)=\mathrm{c}+p(\xi_{0})$ ,
${\rm Re} p(\xi_{0}+.\omega)=c+{\rm Re} p(\xi_{0})>{\rm Re} p(\xi_{0})$ .
, ${\rm Re} p(\xi_{0})$ .
1 [7] , .
Newton . , $X_{0}=A(s_{0}, \rho 0)$ , $S_{(\beta}$
$\{X_{n}\}_{n=0}^{\infty}$
$X_{n}=A(s_{n}, \rho_{n})=$ { $(r,$ $\theta)\in \mathrm{C}^{2}$ : $|r-\omega|<s_{n},$ $|$Im$\theta|</)n$ }
. , $\{s_{n}\},$ {\rho n}
$s_{n}arrow 0$ , $\rho_{n}=2^{-1}\rho \mathrm{o}(1+2^{-n})$ $arrow 2-1\rho$0 $(narrow\infty)$
. , $n$ , $X_{n}$ $X_{n+1}$ $X_{n}\supset X_{n}^{(\mathfrak{y}}\supset$
$X_{n}^{(2)}\supset X_{n}^{(3)}\supset X_{n+1}$ $X_{n}^{(\nu)}$ , $\{U_{n}\}_{n=0}^{\infty}$
$\{M_{n}\}_{n=0}^{\infty}$
$U_{n}(r, \theta)$ $=$ ($r+u_{n}$ ($r$ , , $\theta+v_{n}(r,$ $\theta)$ )
$\mathit{4}_{n}(r, \theta)$ $=$ $(r+f_{n}(r, \theta)$ , $\theta+r$ $+gn$ (r, $\theta$) $)$
$\ovalbox{\tt\small REJECT}(r, \theta)$ $=$ $M(r$,
, , :











1 $narrow\infty$ , :
$\sup_{X_{n}}(|f_{n}|+|g_{n}|)arrow 0$.






, , $M_{n}U_{n}=U_{n}M_{n+1}$ $MV_{n}=$





$arrow\exists$ X $\mathrm{o}$ .
, $\xi\in\overline{B}$ ,
$MV_{\infty}(\omega, \xi)=V_{\infty}\tau(\omega, \xi)=V_{\infty}(\omega, \xi+\omega)$ (2.8)
. , $V_{n}$ (r, $\theta$) $=(r+p_{n}.(r, \theta)$ , $\theta+q_{n}$ (r, $\theta$) $)$ ,
$V_{\infty}( \omega, \xi)=\lim_{narrow\infty}V_{n}(\omega, \xi)=(\omega+p(\xi), \xi+q(\xi))$
$B$ $p(\xi),$ $q(\xi)$ . , (2.8)
$M(\omega+p(\xi), \xi+q(\xi))=(\omega+p(\xi+\omega), \xi+\omega+q(\xi+\omega))$
, 1 (1) (3) . , $\delta$
, $U_{n}$ , $V_{n}$
, 1 (2) .
3
, $A=(a, b)\mathrm{x}S^{1}$ ,
$\mathrm{R}\mathrm{x}S^{1}$ :
$\tau$(r, $\theta$) $=(r, \theta+r),$ $(r, \theta)\in \mathrm{R}\mathrm{x}S^{1}$ .
, $\mathrm{R}\cross S^{1}$ , .
, $\mathrm{R}$ $S^{1}$ Lie , , 1 ,
$X$ Lie $G$ , $G\mathrm{x}X$ $\tau:G\mathrm{x}Xarrow G\cross X$
$\tau$(a, $x$) $=(a, a(x)),$ $(a, x)\in G\mathrm{x}X$ (3.1)
. , (3.1) ,
$M$ , Siegel-Moser
.
, . , (3.1 ,
$X$ $D_{1}=\{z\in \mathrm{C}:|z|<1\},$ $G$ $D_{1}$
$SU(1,1)=\{a=(\begin{array}{ll}\overline{p} \overline{q}q p\end{array})$ $\in M_{2}(\mathrm{C})$ : $|$p$|^{2}-|q|^{2}=1\}$
82
. $a\in SU(1,1)$ $D_{1}$ 1 :
$a(z)= \frac{\overline{p}z+\overline{q}}{qz+p},$ $z\in D_{1}$ .
, $a_{0}$ :
1 $|\mathrm{t}\mathrm{r}a_{0}|=|p+\overline{p}|<2$ .
$a_{0}$ . , $a_{0}$
$\hat{\mathrm{C}}=\mathrm{C}\mathrm{U}\{\mathrm{o}\mathrm{o}\}$ 2 , 1 $D_{1}$ . $z_{0}$ ,
$\overline{z}_{0}^{-1}$ . $z_{0}$ 0 , $\overline{z}_{0}^{-1}$ $\infty$ $b\in SU$$(1,1)$
,
$b(z)= \frac{z-z_{0}}{1-z_{0}^{-}z}$ (3.2)
. , $a_{0}$ $\omega\in \mathrm{R}$ ,
$ba_{0}b^{-1}(\zeta)=e^{\dot{u}v}\zeta,$ $\zeta\in D_{1}$ (3.3)
. $\omega$ $a_{0}$ . :
2. $a_{0}$ $\omega$ , 1
, 1 2 $a_{0}\in SU(1,1)$ 1 , $a_{0}$ $SU(1,1)$
$U_{0}$ . (3.1) $SU(1,1)\cross D_{1}$ $\tau$ , $U_{0}\cross D_{1}$
$\tau_{U_{0}}$ :
$\tau_{U_{0}}(a, z)=(a, a(z)),$ $(a, z)\in U_{0}\cross D_{1}$ . (3.4)
$\tau_{U_{0}}$ , $SU(1,1)$
$SL(2, \mathrm{C})=\{a=(\begin{array}{ll}\alpha \beta\gamma \delta\end{array})$ $\in M_{2}(\mathrm{C})$ : $\alpha\delta-\beta\gamma=1\}$
. $U_{0}$
$\circ$
$W$ , $SL$ (2, C) $W$ $U_{0}\subset W$
. , $\tau_{U_{0}}$ $\tilde{\tau}$ , $U_{0}$ $W$ $\mathrm{C}$ $\overline{D}_{1}$
$Z$ ,
$\ovalbox{\tt\small REJECT}(a, z)=(a, a(z)),$ (a, $z$) $\in W\mathrm{x}Z$
$W\cross Z$ .
$\tau_{U_{0}}$
$\tilde{\tau}$ ( $U_{0}$ $W$ $Z$ )
. (3.2) $b$ , (3.3) , $ba_{0}b^{-1}$ , $R>0$
, D . , (3.2) , $b(\infty)=-z_{0}^{--1}$ .
, $|z_{0}|^{-1}>1$ , $r_{0}$
$1+3r_{0}<|$z0I1 (3.5)
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. , $b(\infty)=-\overline{z}_{0}^{-1}\not\in\overline{D}_{1+3r_{0}}$ ,
$\infty=b^{-1}(-\overline{z}_{0^{-1}})\not\in b-1(\overline{D}_{1+3\mathrm{r}0})$ (3.6)
$r$,
$a_{0}:b^{-1}(\overline{D}_{1+3r_{0}})arrow b^{-1}(\overline{D}_{1+3\mathrm{r}0})$ $1\mathrm{J}$ . , $(a, z)-\succ bab^{-1}$ (z) 2
$(a, z)$ , :
1 $a_{0}$ $W_{0}$ , $a\in W_{0}$
$\sup\{|bab^{-1}(z)|$ : $z\in\overline{D}_{1+r_{0}}\}\leq 1+2r_{0}$
.
. $\overline{D}_{1+r0}$ . $x\in\overline{D}_{1+3t\mathrm{o}}$ , $(a, z)\llcorner*bab^{-1}(z)$
$(a, z)=(a_{0}, x)$ , $a_{0}$ $W$(x) $x$ $V$ (x)
,
$(a, z)\in W(x)\mathrm{x}V(x)\Rightarrow|$bab-10)-ba0b-1 $(x)|<r_{0}$ (3.7)
. { $V$ (x): $x\in\overline{D}_{1+r_{0}}$ } $\overline{D}_{1+r0}$ ,
{ $V$ (xi): $i=1,2$ .. ., $n$} . , $W_{0}$
$W_{0}:=. \bigcap_{1=1}^{n}W(x:)$
, $W_{0}$ $a_{0}$ . $a\in W_{0},$ $z\in\overline{D}_{1+r_{0}}$ , z\in V(x
$i$ , ( $a$ , z)\in W(xi) $\cross$ V(x . , (3.7) ,
$|$bab-1 $(Z)|$ $\leq$ $|$ ba0 $b^{-1}(x:)|+|bab^{-1}(z)-ba_{0}b^{-1}(x_{i})|$
$=$ $|$xi $|+|bab$-1 $(z)-ba_{0}b^{-1}(x_{i})|$
$|x_{i}|+r_{0}\leq 1+2r_{0}$
. , . ( )











$\ovalbox{\tt\small REJECT}:W_{0}\mathrm{x}b^{-1}(\overline{D}_{1+r\mathrm{o}})arrow W_{0}\cross b^{-1}(\overline{D}_{1+2r_{0}})$ (3.8)
.
, $\tilde{\tau}$ ,
$M:W_{0}\mathrm{x}b^{-1}(\overline{D}_{1+r0})arrow SL(2, \mathrm{C})\mathrm{x}b^{-1}(\overline{D}_{1+3r_{0}})$ (3.9)
$M$(a, $z$) $=$ ($A$(a, $z$), $Z(a,$ $z)$ ) (3.10)
.
. , $M$ :
3. $I$ $SL(2, \mathrm{C})$ , \mbox{\boldmath $\varpi$}\rightarrow
$(a, z)|arrow(a^{-1}A(a, z)-I,$ $Z(a, z)-a(z))$
, $(a, z)–(a_{0}, z0)$ 2 .
. ($A$ (a, $z$), $Z($a, $z)$ ) $=$ ($aa^{-1}A($a, $z),$ $a(z)+Z($a, $z)-a(z)$) , $M$
$\tilde{\tau}$ , $W_{0}\cross b^{-1}(\overline{D}_{1+r_{0}})$
$||$a-1A-I$||+|$Z-a$|$
. .’ $||\cdot|$ | , $SL$ (2, C) , $\mathrm{C}^{2}$
$\mathrm{C}^{2}$ 1
, 3 :(a0, $z_{0}$ ) $U$ $C_{U}$ ,
$(a, z)\in U$ ,
$||$a-1A(a, $z$) $-I||+|$Z(a, $z$) $-a(z)|\leq C_{U}(||a-a_{0}||+|z-z_{0}|)^{2}$ (3.11)
.
,
2 $a_{0}\in SU(1,1)$ 1 2 . $z_{0}\in D_{1}$ $a_{0}$ , $b$ (3.2)
1 . $r_{0}$ (3.5) , $a_{0}$ $W_{0}$ 1 ,
$\tilde{\tau}$ (3.8) , $M$ 3






$M$ , (1) (3) :
(1) $M$ $S$ :
$S=\{(a, z)$ : $a=a_{0}p(\zeta),$ $z=\zeta+q(\zeta)$ , $\zeta\in b^{-1}(\overline{D}_{1+2^{-1}t0})\}$ .
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$arrow.\theta$ ,
$(p, q):b^{-1}(\overline{D}_{1+2^{-1}r_{0}})arrow SL(2, \mathrm{C})$ $\cross \mathrm{C}$
, $b^{-1}(D_{1+2^{-1_{\Gamma 0}}})$ , $b^{-1}(\overline{D}_{1+2^{-1}\mathrm{r}_{0}})$ .
(2) $S$ $\tilde{\tau}$ $\{a_{0}\}\cross b^{-1}(\overline{D}_{1+2^{-1}r_{0}})$ :
$\sup(||p(\zeta)-I||+|q(\zeta)|)\leq\epsilon$ .
(3) $S$ $M$ , $\{a_{0}\}\cross b^{-1}(\overline{D}_{1+2^{-1}r_{\mathrm{O}}})$ $a_{0}$ .




, ,- 2 $a_{0}(z)=e^{\dot{\iota}\omega}z$ ( $z_{0}=0,$ $b$ =I )
, $a_{0}$ , , 2 $a_{0}(z)=e^{1\omega}.z$
. , .
1 . $a_{0}(z)=e^{1\omega}.z$
2 $a_{0}(z)=e^{u\prime}.\cdot z$ , .
, (3.8) $\tilde{\tau}=\tau_{W_{0}}$ , $M$
$M:W_{0}\cross b-1$ $(D_{1+r_{0}})arrow SL(2, \mathrm{C})\mathrm{x}b^{-1}(D_{1+3r_{0}})$ (4.1)
$M(a, z)=(A(a, z),$ $Z(a, z))$ (4.2)
, :(a0, $z_{0}$ ) $U$ $C_{U}$ ,
$(a, z)\in U$ ,




$\lambda$ $\lambda$($a$ , z)=( b-l, $b(z)$ ) ,
$\lambda:W_{0}\cross b^{-1}$ (Dl+r0)\rightarrow bp\mbox{\boldmath $\nu$}bb-1 $\cross$ D1+r
, $\lambda(a_{0}, z_{0})=(ba_{0}b^{-1},0)$ ,
$\tau_{bW_{0}b^{-1}}=\lambda$ 7 $W_{0}\lambda^{-1}$ (4.4)
. , $\tau_{bW_{0}b^{-1}}$ , $\tau_{bW_{0}b^{-1}}$ $W_{0}b^{-1}\cross D_{1+r_{0}}arrow bW_{0}b^{-1}\cross D_{1+\mathit{2}r_{0}}$
- , $\tilde{M}$ $\tilde{M}:=\lambda M\lambda$-1 ,
$\tilde{M}:bW_{0}b^{-1}\mathrm{x}D_{1+r_{0}}arrow SL(2, \mathrm{C})\cross D_{1+3r\mathrm{o}}$ (4.5)
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$j$ (4.4) , $\tilde{M}$ $\tau_{bW_{0}b^{-1}}$ .
$\tilde{M}$
$\tilde{M}(\alpha, \zeta)=(\tilde{A}(\alpha, \zeta),\tilde{Z}(\alpha, \zeta))$
,
$\tilde{A}(\alpha, \zeta)$ $=bA(b^{-1}\alpha b, b^{-1}\zeta)b^{-1}$ ,
$\tilde{Z}(\alpha, \zeta)$ $=bZ((b^{-1}\alpha b, b^{-1}\zeta)$
. , $a=b^{-1}\alpha b,$ $z=b^{-1}\zeta$ ,
$||\alpha^{-1}\tilde{A}(\alpha, \zeta)-I||$ $+$ $|$Z$(\alpha, \zeta)-\alpha(\zeta)|$
$=||$ba-1A(a, $z$ ) $b^{-1}-I||$ $+$ $|$bZ(a, $z$) $-ba(z)|$ (4.6)
.
2 $R$ ,
$C_{R}:= \sup\{|1-\overline{z}_{0}z|^{-1} : z\in b^{-1}(D_{R})\}$
, $Z,$ $W\in b^{-1}(D_{R})$ , :
$|$b(Z)-b(W) $|\leq C_{R}^{2}$ ( $1-|$z$\mathrm{o}|^{2}$ ) $|$Z-W$|$ . (4.7)






, . ( )
2 $R=1+3r_{0}$ (4.6) 2 ,
(4.6) $=$ $||ba^{-1}A(a, z)b^{-1}-I||+|bZ$(a, $z$) $-ba(z)|$
$\leq$ $||b||||b^{-1}||||a^{-1}A$(a, $z$) $-I||+C_{1+3r_{0}}^{2}|Z$ (a, $z$) $-a(z)|$
$\leq$ $C$ ( $||a^{-1}A$ (a, $z)-I\downarrow|+|Z($a, $z)-a(z)|$ ) (4.8)
. , $C:= \max\{||b||||b^{-1}||, C_{1+3\tau 0}^{2}\}$ .
, $(\alpha, \zeta)\in\lambda(U)$ , $(a, z)\in U$ , (4.3) ,
(4.8) $\leq CC_{U}(||a$ $||+|z-z_{0}|)^{2}$ (4.9)
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. , (4.8)
$||$a-ao $||+|$z-z0 $|$ $=$ $||b-1\alpha$b-a$0||+|$b-1 $(\zeta)-b^{-1}(0)|$
$\leq$ $C’(||\alpha-ba_{0}b^{-1}||+|\zeta|)$ (4.10)
. (4.9) (4.10) ,
$||\alpha^{-1}\tilde{A}(\alpha, \zeta)-I||+|\tilde{Z}(\alpha, \zeta)-\alpha(\zeta)|$
$\leq CC_{U}C^{\prime 2}(||\alpha-ba_{0}b^{-1}||+|\zeta|)^{2}$
. , $\tilde{M}$ $(\alpha, \zeta)=(ba_{0}b^{-1},0)$ $\lambda(U)$ , 3
.
, $ba_{0}b^{-1}(\zeta)=e^{u\prime}.\cdot\zeta$ , $\tilde{M}$
$=\tau_{bW_{0}b}-1:(\alpha, \zeta)\vdash\not\simeq(\alpha, \alpha(\zeta))$
3 . , 2







$\tilde{S}=\{(\alpha, \zeta)$ : $\alpha=ba_{0}b^{-1}\tilde{p}(\xi),$ $\zeta=\xi+\tilde{q}(\xi)$ , $\xi\in\overline{D}_{1+2^{-}}1r$J.
,
$(\tilde{p},\tilde{q})$ : $\overline{D}1+.2^{-}1r_{0}arrow SL(2, \mathrm{C})\cross \mathrm{C}$
$D_{1+2^{-1}\tau 0}$ .




$\tilde{M}$ , $\{ba_{0}b^{-1}\}\cross\overline{D}_{1+2^{-1}\mathrm{r}0}$ $ba_{0}b^{-1}$ .
, $\epsilon$ , $\tilde{\epsilon}$ $C’\tilde{\epsilon}\leq\epsilon$ . , $\tilde{\epsilon}$
$\tilde{\delta}$ , $\delta$ , $\delta\leq C^{-1}\tilde{\delta}$ .




$\leq C\sup_{X_{0}}(||a^{-1}A(a,.z)-I||+|Z(a, z)-a(z)|)\leq C\delta\leq\tilde{\delta}$
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, $(\tilde{1})$ $(\tilde{3})$ . , $S:=\lambda^{-1}(\tilde{S})$ ,
$(\tilde{1})$ $\lambda$
$S=$ $\{\lambda^{-1}(ba_{0}b^{-1}\tilde{p}(\xi), \xi+\tilde{q}(\xi))$ }
$=$ $\{(a_{0}b^{-1}\tilde{p}(\xi)b, b^{-1}(\xi+\tilde{q}(\xi)))\}$




$S=\{(a_{0}p(\zeta), \zeta+q(\zeta)):\zeta\in b^{-1}$($\overline{D}_{1+2^{-1}}$r$0$ )} (4.12)
, 2 (1) . , (4.11) (4.10) $(\tilde{2})$ ,
$\zeta\in b^{-1}(D_{1+2^{-1}r0})$
$||$p$(\zeta)-I||+|q(\zeta)|$ $\leq$ $||$ b $||||b-1||||\tilde{p.}$(b$\zeta$) $-I||+|$b-1 $(b\zeta+\tilde{q}(b\zeta))-b^{-1}(b\zeta)|$
$\leq$ $C’(||\tilde{p}(b\zeta)-I||+|\tilde{q}(b\zeta)|)$
$C’\tilde{\epsilon}\leq\epsilon$







$=(b^{-1}ba_{0}b^{-1}\tilde{p}$(bQO $\zeta$) $b,$ $b^{-1}$ ($ba_{0}\zeta+\tilde{q}$(ba$\mathrm{o}\zeta)$ ) $)$
$=(a_{0}b^{-1}\tilde{p}(ba_{0}\zeta)b,$ $b^{-1}b(a_{0}\zeta+q(a_{0}\zeta)))$
$=(a_{0}p(a_{0}\zeta), a_{0}\zeta+q(a_{0}\zeta))$
, 2 (3) . ( 1 )
2 . $a_{0}(z)=e^{-w}z$ 2
, $\omega$ , $a_{0}(z)=e^{1\omega}.z$ . ,
$W_{0}$ $SL$ (2, C) , $W_{0}\mathrm{x}D_{1+\mathrm{r}0}$ $\tilde{\tau}$
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. $SL$ (2, C) Lie , $W_{0}$ , $I$ $U_{0}$ , $W_{0}=a_{0}(U_{0})$
.
$U_{0}$ $y=$ $(y_{1}, y2, y_{3})$ . 2 $\mathrm{x}2$
$u=(\begin{array}{ll}\alpha \beta\gamma \delta\end{array})$ $\in U_{0}$
, $y$
$\beta=\alpha y_{1},$ $\gamma=\delta y_{2},$ $\alpha=1+y_{3}$ (4.13)
. $\alpha\delta-\sqrt\gamma=1$
$\alpha\delta(1-y_{1}y_{2})=\delta(1+y3)(1-y_{1}y_{2})=1$
, y\in D13( , $|y_{j}|<1$) ,
$u=uy=(\begin{array}{llllll} 1+y\S (1+y_{3})y_{1} (1- y_{1}y_{2})^{-1}(1+ y_{3})^{-1}y_{2} (1- y_{1}y_{2})^{-1}(1+ y_{3})^{-1}\end{array})$ $(4.14)$
, $y\vdasharrow u_{y}$ . $u_{y}$ $z\in D_{1+r_{0}}$
$F(y, z):=u_{y}(z)=(1-y_{1}y_{2})(1+y_{3})^{2} \frac{z+y_{1}}{y_{2}z+1}$ (4.15)
, $F(0, z)=z$ .
, $a_{0}$ $W_{0}$ ( 1 $b=I$ ) ,
$s_{0}$ , $U_{0}=\{u_{y}:y\in D_{s0}^{3}\}$ $W_{0}=a_{0}(U_{0})$
. , $y\in D_{s0}^{3}$ $a=a_{0}u_{y}\in W_{0}$ ,
$\ovalbox{\tt\small REJECT}$ :(a, $z$) $=(a_{0}u_{y}, z)\vdasharrow$ ($a_{0}u$y’ $a_{0}u_{y}(z)$ )
,
$\ovalbox{\tt\small REJECT}:(y, z)\vdash+(y, a_{0}F(y, z))$
. , $\tilde{\tau}$
$M:(a, z)\vdasharrow(A(a, z),$ $Z(a, z))$
,
$A(a, z)$ $=a_{0}a_{0}^{-1}A(a, z)=a_{0}u_{Y}=a_{0}u_{y+\oint(y,z)}$
$Z(a, z)$ $=a(z)+Z(a, z)-a(.z)=a(z)+g(y, z)$
, $M$ $\hat{M}$ :
$\hat{M}:(y, z)\vdash\not\simeq(y+f(y, z),$ $a_{0}F(y, z)+g(y, z))$ . (4.16)
, :
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3 $M$ 3 , $(f, g)$ $(y, z)=(0,0)\in \mathrm{C}^{3}\mathrm{x}$ C .$\wedge$
2 .
. $z_{0}=0$ , 3 , ($a^{-1}A$ (a, $z)-I,$ $Z$ (a, $z)-a(z)$ ) $(a, z)=(a_{0},0)$
2 . 2 $(y, z)$
$g(y, z)$ , $(y, z)=(0,0)$ $(a, z)=(a_{0},0)$
, $g$ .
, $f$ ,
$a^{-1}A(a, z)-I=$ $(a_{0}u_{y})^{-1}A(a, z)-I$
$=u_{y}^{-1}a_{0}^{-1}A(a, z)-I$
$=u_{y}^{-1}u_{y+f(y,z)}-I$ (4.17)
. , $(y, z)$ , 3 , $(0, 0)$
1 , $u_{f(0,0)}=u_{0}=I$ $\mathrm{A}1$ ,
$f(0,0)=0$ .
, (4.14) \mbox{\boldmath $\nu$}) $y$ $y+f$ (y, $z$) , $f$ t)
,
$u_{y+f}=u_{y}+$ $+$ (y)(f) $+(f)2$
. , (y) (f) , , $y_{1},$ $y_{2},$ $y_{3}$ $f_{1},$ $f_{2},$ $f_{3}$
. , (4.17)
$u_{y}^{-1}uy+f(y,i)-I$ $=u_{y}^{-1}\{u_{y}+(\begin{array}{ll}f_{3} f_{1}f_{2} -f_{3}\end{array})$ $+$ (y)(f) $+(f)2\}-I$
$=u_{y}^{-1}(\begin{array}{ll}f_{3} f_{1}f_{2} -f_{3}\end{array})+(y)(f)+(f)^{2}$
$=$ $(\begin{array}{ll}f_{3} f_{1}f_{2} -f_{3}\end{array})+$ (y)(f) $+(f)2$
. , $a^{-1}A$(a, $z$) $-I$ $(a_{0}.’ 0)$ 1) 2
, $f$ (y, $z$) $(0, 0)$ 2
. ( )
, $M$ $\hat{M}$ . 3 , 3 4
:
4, (f, $g$) $(y, z)=(0,0)\in \mathrm{C}^{3}\cross \mathrm{C}$ \mbox{\boldmath $\nu$}) , 2
.
, $a_{0}(z)=e^{-I\theta}z$ 2 ,
:
81
3{$v$ , $a_{0}(z)=e^{\dot{w}}z$ . $F$ (y, $z$ )
(4.15) , $\hat{\tau}$ $\hat{M}$ ,
$\ovalbox{\tt\small REJECT}(y, z)$ $=$ $(y, a_{0}F(y, z))$
$\hat{M}(y, z)$ $=$ $(y+f(y, z),$ $a_{0}F(y, z)+g(y, z))$ (4.18)
, $D_{\ell_{0}}^{3}\cross D_{1+r\mathrm{o}}$
. , 4 . , $\epsilon$ , $\epsilon,$ $C_{0},$ $\mu$
$r_{0},$ $s_{0}$
$\delta$ , $X_{0}=D_{\epsilon \mathit{0}}^{3}$ $\cross$ Dl+r
$\sup_{X_{0}}(|f|+|g|)\leq\delta$
$\hat{M}$ , (1) (3) :
(1) $\hat{M}$ $\hat{S}$ .
$\hat{S}=\{(y, z)\in X_{0}:y=\hat{p}(\zeta),$ $z=\zeta+\hat{q}(\zeta)$ , $\zeta\in\overline{D}_{1+2^{-1}r0}$ }.
$
$(\hat{p}, q\hat)$ : $\overline{D}_{1+2^{-1_{f}}0}arrow \mathrm{C}^{3}\mathrm{x}\mathrm{C}$ ; D1+2-1,
.
(2) $\hat{S}$ , $\hat{\tau}$ $\{0\}\cross\overline{D}_{1+2^{-1}r_{0}}$ :
$\sup\{|\hat{p}|+|\hat{q}|:\zeta\in\overline{D}_{1+}2-1,\}\leq\epsilon$ .
(3) $\hat{S}$ $\hat{M}$ , $\overline{D}_{1+2^{-1}r_{0}}$ $a_{0}$ .
3 , 2 1
. , $\{X_{n}\}_{n=0}^{\infty}$
Xn=D2 $\cross D_{1+r_{n}}$
. , $\{s_{n}\}$ $\{r_{n}\}$
$s_{n}arrow 0,$ $r_{n}=2^{-1}r_{0}(1+2^{-n})arrow 2^{-1}r_{0}(narrow\infty)$
. , $n$ , $X_{n}$ $X\text{ }+1$ , $X_{n}\supset X_{n}^{(1)}\supset$
$X_{n}^{\{2)}\supset X_{n}^{(3)}\supset X_{n+1}$ $X_{n}^{(\nu)}$ , $\{U_{n}\}_{n=0}^{\infty}$
$\{M_{n}\}_{n=0}^{\infty}$ ,
$n(y, z)$ $=$ (y+u (y, $z$), $z+v_{n}(y,$ $z)$ )
$M_{n}(y, z)$ $=$ $(y+f_{n}(y, z).,$ $a_{0}F(y, z)+g_{n}(y, z))$










, 2 1 2 , 3
.
,
$\{U_{n}\}$ $\{M_{n}\}$ . Siegel-Moser
[7] , . ,
33 . ,
,
,- . $C\dot{.}$ $(i=1,2,3)$
$C_{0},$ $\mu$ , 1 .
’ $\rho,$ $s,$ $\sigma,d$




. $M=\hat{M}$ $A:=D_{l}^{3}\mathrm{x}D_{1+r}$ (4.18)
,
$\sup_{A}$
( $|f|+|$g $|$ ) $\leq d$






4 $\omega$ , $a_{0}(z)=e^{id}z$ , $M=\hat{M}$
4 . , $A$ $U$(y, $z$) $=(y+u(y, z)$ , $z+v(y, z))$
, (1) (4) :
(1)(u, $Ji$ $A$ , 3 :
$\sup_{A(1)}(|u|+|v|)$
$\leq\theta s$ ,
$\sup_{A^{(1)}}(|\frac{\partial u}{\partial y_{j}}|+|\frac{\partial v}{\partial y_{j}}|)$ $\leq\theta(j=1,2,3)$ ,






, $N:=U^{-1}MU:B$ \rightarrow A(1) ,
$N(y, z)=(y+\varphi(y, z),$ $a_{0}F(y, z)+\psi(y, z))$
(3) $(\varphi, \psi)$ $B$ , $(y, z)=(0,0)$ 2 .
(4) $C_{3}$ ,
$\sup_{B}$
( $|\varphi|+|$e $|$ ) $\leq C_{3}[(r-\rho)^{-2}p$-3 $( \frac{d^{2}}{s}+sd)+(\frac{\sigma}{s})^{2}d$
.
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